Abstract-Iran is one of the greatest producers of date in the world. However due to lack of information about its viscoelastic properties, much of the production downgraded during harvesting and postharvesting processes. In this study the effect of temperature and moisture content of product were investigated on stress relaxation characteristics. Therefore, the freshly harvested date (kabkab) at tamar stage were put in controlled environment chamber to obtain different temperature levels (25, 35, 45, and 55 0 C) and moisture contents (8.5, 8.7, 9.2, 15.3, 20, 32.2 %d.b.). A texture analyzer TAXT2 (Stable Microsystems, UK) was used to apply uniaxial compression tests. A chamber capable to control temperature was designed and fabricated around the plunger of texture analyzer to control the temperature during the experiment. As a new approach a CCD camera (A4tech, 30 fps) was mounted on a cylindrical glass probe to scan and record contact area between date and disk. Afterwards, pictures were analyzed using image processing toolbox of Matlab software. Individual date fruit was uniaxially compressed at speed of 1 mm/s. The constant strain of 30% of thickness of date was applied to the horizontally oriented fruit. To select a suitable model for describing stress relaxation of date, experimental data were fitted with three famous stress relaxation models including the generalized Maxwell, Nussinovitch, and Pelege. The constant in mentioned model were determined and correlated with temperature and moisture content of product using non-linear regression analysis. It was found that Generalized Maxwell and Nussinovitch models appropriately describe viscoelastic characteristics of date fruits as compared to Peleg mode.
I. INTRODUCTION
ATE fruit as a famous tropical fruits contains highest percentage of carbohydrate, including fructose and glucose. In addition to carbohydrate, the date fruits have remarkable amounts of protein, crude fiber, pectin, tannins, minerals, and vitamins [1] . Rheological characteristics of foodstuff are essential for designing harvesting, handling, sorting and packaging equipments and processes. Agricultural materials constitute of both viscous and elastic elements, once undergone a deformation showed viscoelastic properties [2] . D. Zare is with Department of Agricultural Engineering, Shiraz University, Shiraz, Iran (P. O. Box: 7144165186, e-mail: dzare@ shirazu.ac.ir).
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Wherever each of viscous and elastic elements has dominant effect, materials show different resistance to applied load. Viscoelastic characteristics of materials have been studied by transient test, including stress relaxation, creep, and dynamic tests. In stress relaxation test, behaviour of material is determined in stress-time coordinate when a constant strain is applied [3] . Number of research were conducted on viscoelastic characteristics of different agricultural materials such as raisin [4] , banana and plantain [5] and potato tissue [6] by means of stress relaxation. The viscoelastic properties of eight Saudi date cultivars in two stage of maturity were studied by Hassan et al. [7] . The moisture content of all dates was more than 19% (w.b.). They reported that the date fruit exhibited viscoelastic properties.
In recent decades computer vision was extremely used to reduce human involvement, increase efficiency, and cost effectiveness [8] . The image acquisition and processing technique have created new food quality monitoring methods. It has good accuracy to appearance geometric measurement [9] [10] [11] . Hassan et al. used a white paper between impression inky sample and disk plunger, and then the footprint of sample contact area was scanned and processed to determine the contact surface area [7] .
Iran with more than one million ton date fruit production per annum has been ranked second among date producers. However, due to improper processing of this product it has not received appropriate position in the world market [12] . Amongst the date varieties, Kabkab date is one of the delicious and sap full cultivars in Iran which has exported to the other countries. The main objective of the study is determine variation of viscoelastic characteristics of Kabkab variety as function of temperature and moisture content by measuring true surface contact area using machine vision technique.
II. MATERIALS AND METHODS

A. Theoretical consideration
General Maxwell model is one of the suitable rheological models for describing the viscoelastic behaviour of agricultural materials [2, 13, 14] represented by the following equation: ∑
where, σ (t) is time dependent stress, σ e is the stress in elastic element, σ i is stress in combined viscous-elastic elements, t is time and τ i is relaxation time of combined viscous-elastic elements. The element of the model has been illustrated in Fig. 1 . [3] . They prepared some bulky and spongy food substance and revealed that the proposed model satisfactorily fits with experimental data. Nussinovitch et al. simplified the General Maxwell model by assuming 10, 100, 1000, and so on for relaxation times of first, second, third and so on dashpot elements in model. The model has been formulated for three viscous elements as below [15] : (2) In this model, σ (t) is time dependent stress, σ 0 is the initial stress, t is time and A 1 , A 2 , A 3 , are constants. Peleg and Pollak represented an empirical model based on the initial stress as follow [16] : (3) If a=0, the model represents the elastic behaviour, while if a=1, stress tended to zero in infinity time like liquid substance. The 'b' parameter exhibited the decay rate. If b=0, the stress never relaxed, whatever in low amount of 'b' the decay rate of stress relaxation is diminished slowly. The stress relaxation of banana's pulp was predicted using generalized Maxwell, Peleg and Nussinovitch models [5] .
B. Experiment procedure Sample preparation
The Kabkab date fruits were manually picked up at Tamar stage of maturity (full ripened) from date palm trees in a garden, in Boushehr province, Iran. They were handled to the biophysics laboratory in Agricultural Engineering Department, Shiraz University, on the foam sheets in one layer arrays for minimizing any likely compaction. Then fruits sorted manually on the basis of its weight within the range of 7.2 to 7.9 g. Initial moisture content was determined by gravimetric method in an oven at 70°C till obtaining constant successive weight loss of 0.001 g. The initial moisture content was 24.7 %d.b. The samples kept in air tight container of supersaturated salt solution including LiCl, KC 2 H 3 O 2 , MgCl 2 , KNO 2 , NaNO 2 and NaCl for preparing different equilibrium moisture content (EMC) levels [17] [18] .These salt solutions provided six relative moisture content levels for creating the six EMCs in fruits. Containers were equilibrated in oven in 45°C and other temperature levels imposed to substance in experimentally measured time before testing. To avoid of weight lost samples packed in closed poly ethylene bags and put into oven before testing, therefore the moisture content lost was negligible (about 0.02% d.b.). The mean EMCs of fruits were measured 7.5%, 7.7%, 8.7%, 14.3%, 19.7%, and 31% (d.b.) in 9 replications. Variation of EMCs at different temperatures was measured and see to be negligible.
Stress Relaxation test
The TPA 1 (TA.XT2 plus model, Stable Microsystems, England) with Exponent Lite (Version 4,0,8,0, UK) software was used to compress whole date samples and export data into Excel worksheets. TPA was equipped with a 30 kg f load cell. The cross head speed was adjusted on 1 mm/s, and samples compressed with 30% strain. The cross head then kept at 30% of strain for relaxing the stress in 300 s duration. A chamber with temperature controlling circuit was fabricated around the TPA cross head to prepare constant temperature identical to sample temperature with an accuracy of ±0.1°C during the stress relaxation tests (Fig. 2) . All tests were performed with ten replications. A probe was designed so that it records contact area images while compressing the samples (Fig. 3) . It constituted a CCD webcam camera (A4Tech, Model: PK-710MJ), several white beams LEDs, a 10 cm in diameter circular glass with 1 cm thickness, and a hollow Teflon cylinder. The CCD camera was connected to computer through USB2 port. Calibration of camera was done by a known dimensions black cube. Ten 320×240 pixels captures per second was created on line using image acquisition toolbox of MATLAB software (version R2007b). The visual information was quantified using image processing technique. Toluene was sprayed on samples to obtain distinct contact surface pictures. 1 amorphous structure [21] and thus, the strength of the date was reduced against compression. As a result, temperature had low effect on stress relaxation at higher moisture levels (Fig. 5) . Maxwell model are given for different temperature and moisture content of the product in Table I . The constrain positive value for relaxation time was considered in formula. Nussinovitch model satisfactorily fitted on experimental data. The constants in the model were presented in Table II . Sakkie and Nabout date cultivars [7] approximately has the same Nussinovitch model constants at Rutab stage with range of 19.7 to 31% moisture contant and 25°C of date temperature. Peleg constant 'a' was between 0.6o and 0.93 (Table III. ). The highest values were in 7.5 and 7.7% moisture content, and lowest in 19.7%. According to Peleg model 'a' has direct correlation to stress response, so it depends on the date elasticity. In the present study 'a' values were same as those in Hassan et al. for eight cultivars of Saudi dates. The 'b' constant value was in range of 0.38 to 0.82 (1/s). As it clear from Fig. 6 General Maxwell and Nussinovich models completely followed measured data. 
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IV. CONCLUSIONS
The contact area of date fruit during relaxation test was suitably measured by a imageing acquisition probe. Results showed that the date fruits (Kabkab) has time dependent behavior as viscoelastic materials. The initial developed stress in fruit was highly dependent on moisture content than temperature. According to statistical indices the Generalized Maxwell and Nussinovitch model with four viscous elements predict time dependent stresses in fruit with minimum residuals.
